Introduction
In order to concentrate a trace analyte above its limit of detection as well as to eliminate any interferences, a separation/enrichment technique is necessarily applied prior to its determination. Solid-phase extraction is the most common technique to separate and enrich trace analytes prior to their determination. For this purpose, functional polymers, 1 ion-exchangers, 2 silica gels, 3 nano particles, 4 biological materials, industrial waste, bacteria, 5 etc. have been used as a sorbent for applying batch or column techniques. In all of those applications, the analytes have been collected on the sorbent, and then recovered with an appropriate eluate, both successfully and practically.
In some previous studies, a sorbent was filled in a syringe. The sample at a suitable pH was drawn and discharged to retain the analyte. Then, the eluent was passed through the sorbent drawing and discharged again by means of the syringe. This procedure was handy, fast and convenient. [6] [7] [8] [9] [10] [11] [12] [13] The amine groups are one of the most efficient functional groups for the removal of heavy metal ions, 14, 15 and various adsorbents with amine functional groups have been developed from natural biopolymers, e.g. chitosan, which contains amine groups in its backbone, 16 or from synthetic polymers that are subsequently immobilized with the amine groups. 14, [17] [18] [19] It is a well-known fact that tris(2-aminoethyl) amine modified solid phases i.e. chitosan, 20 carbon nanotubes 21 and silica gells 22 are effective as metal adsorbents. Tris(2-aminoethyl) amine is a good example of a treeing ligand, i.e. ligand that evolves a three-dimensional structure with two or more swinging arms, with four nitrogen atoms. Therefore, it exhibits great absorption performance for metal ions. 22 Methacrylate resin is a famous base polymer in adsorbents for trace elements. In previous studies, polyglycidyl methacrylatedivinyl benzene copolymer functionalized with ethylenediamine was used to adsorb Cu(II) and Pb(II) from their aqueous solutions. 23 Also, the selective removal of Cu(II) and Pb(II) ions from aqueous solutions by a diethylenetriamine functionalized polyglycidyl methacrylate-trimethylolpropane trimethacrylate copolymer was maintaned. 24 The aim of this study was to synthesize a new functional co-polymer, namely 3-chloro-2-hydroxypropyl methacrylateethylene glycole dimethacrylate, modified with tris(2-aminoethyl) amine, and to use it as a sorbent for the separation/ enrichment of lead and cadmium prior to their determination by flame atomic absorption spectrometry. For this purpose, the synthesized sorbent was filled in a disposable pipet tip and tightly connected to a syringe. Sample and then the eluent were drawn and discharged to retain and desorb lead and cadmium, respectively. absorption spectrometer equipped with a flame atomizer and a 300 W Xenon short-arc lamp (XBO 301, GLE, Berlin, Germany), operating in a hot-spot mode, as a continuum radiation source. The equipment included a compact high-resolution double echelle monochromator and a CCD array detector with a resolution of approximately 1 to 5 pm per pixel between 200 and 800 nm. Atomic absorption measurements for lead and cadmium were performed at 217.005 nm for Pb and 228.801 nm for Cd. For separation and shaking purposes, a MRC Scientific Instruments Centrifuge (Newyork, USA) and a VWR Mini Shaker (Radnor, USA) were used, respectively. High-purity water (resistivity 18.2 MΩ·cm) produced by TKA reverse osmosis, and a TKA deionizer system (TKA Wasseraufbereitung systeme GmbH, Niederelbert, Germany) were used. For FT-IR analysis a Nicolet 10 (Thermo Fisher Scientific, Waltham, MA USA) was used. The morphology of the synthesized sorbent was visualized using a scanning electron microscope (SEM, Jeol JSM 6060 LV, USA).
Reagents and standard solutions
All reagents were of analytical grade and purchased from Merck (Darmstadt, Germany). Stock solutions (1000 mg L -1 ) of Pb and Cd were further diluted daily with distilled deionized water to prepare reference solutions. The pH was adjusted using 0.1 mol L -1 NaOH or 0.1 mol L -1 HNO3, and controlled by means of a WTW pH 340-A/SET2 pH meter. As certified reference material, a waste-water sample, HPS-CWW-TM-E (High Purity Standards, Charleston, USA), containing 0.025 mg L -1 Pb and 0.025 mg L -1 Cd, was used. All glassware and polyethylene flasks used for solution preparations were previously immersed in a 10% (v/v) HNO3 bath overnight, and then rinsed with ultra-pure water to avoid contamination.
Preparation of 3-chloro-2-hydroxypropyl methacrylate-EGDMA beads and modification with tris(2-aminoethyl) amine
After 1.0 g of poly(vinyl alcholol) (PVA) was dissolved in 320 mL of water, the solution was transferred to a 1-L threenecked flask equipped with a nitrogen inlet, mechanical stirrer, and reflux condenser. A mixture of 20.0 mL (0.133 mol) of 3-chloro-2-hydroxypropyl methacrylate, 2.80 mL (0.015 mmol) of ethylene glycole dimethacrylate (EGDMA) and 0.4 g (2.43 mmol) of azobisisobutyronitrile (AIBN) in 20 mL of toluene were added to the flask under a nitrogen stream. The mixture was heated to 70 C and stirred continuously (ca. 400 rpm) in a nitrogen atmosphere for 8 h. The reaction scheme is shown in Fig. 1 . The bead product was filtered and washed consecutively with excess water, acetone, and methanol. Then, the beads were dried in a vacuum at room temperature for 24 h.
Then, 1.88 gram of the resin was added portion wise to a stirred solution of 4 mL of tris(2-aminoethyl) amine in 20 mL of 2-methyl-1-pyrrolidone (NMP) at 0 C. After stirring the mixture on a shaker for 24 h at room temperature, the reaction content was heated at 80 C for 2 h. The product was then filtered, washed with an excess of water and methanol, and dried under a vacuum at room temperature for 24 h. The dry product was 3.0 g.
For determining of the amine content, 0.11 g of the polymer sample was left in contact with 20 mL of HCl (0.1 M) for 24 h. After filtration, 5 mL of the filtrate was taken and the acid content of the solution was determined by titration with a 0.10 mol L -1 NaOH solution in the presence of a phenolphthalein color indicator. The amine content of the resin was calculated with respect to the differences between the NaOH consumptions in titrations. The total amine content of the polymer was calculated to be 7.36 mmol g -1 resin. The modification was confirmed from FT-IR spectra of the resin with and without amine (Fig. 2 ). While resins with and without the modified tris(2-aminoethyl) amine had a sharp band at 1720 cm -1 , corresponding to the ester carbonyl group, as can be seen in Fig. 2b , broad peaks at 1640 -1560 cm -1 were observed for the primary amines due to the tris(2-aminoethyl) amine.
Morphological characterizations of the resin were investigated by SEM. The SEM image showed both a dense microstructure and granular grains. While polymeric resin has a porous structure, the spherical beads cracked, because of heating and stirring during polymerization (Fig. 2) .
Procedure for syringe-mountable filter technique
The system prepared for the separation and enrichment of lead and cadmium is shown in Fig. 3 . To prevent the loss of the sorbent with the sample flow, at first, a small piece of glass wool was placed as a plug at the bottom of a disposable pipet tip, which was then tightly attached to the syringe nozzle. The sorbent was slurried (0.01 g with 1 mL of water), poured into the syringe, and discharged by means of the piston. The sorbent was retained in the tip (on the cotton plug), but the liquid phase (water) was flowed out. In order to seal the sorbent in the tip, another piece of glass wool was placed at the top on the tip. Finally, water at pH 4 was passed through the sorbent a few times by means of the syringe. For the separation/enrichment of the analytes, at first, the pH of a sample solution was adjusted to 4.0. To collect lead and cadmium on the sorbent, the sample solution was passed through the sorbent in the pipet tip by drawing and discharging at a flow rate of 10 mL min -1 using the syringe. The analytes on the sorbent were then eluted by drawing and discharging 5 mL of 3 mol L -1 HNO3 as an eluent at a flow rate of 10 mL min -1 . When 50 mL of different sample portions were successively passed through the sorbent five times, i.e. 50 × 5 = 250 mL of the sample, the analytes could be enriched up to 50-fold. The lead and cadmium concentrations in the eluate were determined by HR-CS FAAS. In order to condition the sorbent for the next cycle, the sorbent in the tip was washed with water a few times (by again passing water through the sorbent in the pipet tip by means of the syringe) until the eluent was neutral.
Procedure for adsorption isotherms and their theorical basis
Two isotherm equations were used to determine the relation between the equilibrium concentrations of the adsorbate in the liquid phase and in the solid phase. In order to determine the relevant coefficients, 10 mL of pH 4 solutions with increasing concentrations i.e. 1 -50 mg L -1 of Pb and Cd, were shaken with 0.01 g of the sorbent in PTFE falcons for 10 min. The solution was centrifugated to separate the sorbent, and the analytes that remained in the supernatant were determined. Based on the adsorption isotherms, the adsorption capacity of the sorbent was also determined. The adsorption capacity is an important variable that shows the amount of sorbent required for a quantitative recovery of the analytes from the matrix.
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(a) Langmuir isotherm:
where KL and qm are Langmuir coefficients representing the equilibrium constant for the adsorbate-adsorbent equilibrium and the monolayer capacity.
(b) Freundlich isotherm:
where ce and qe are the equilibrium concentration of metal ions in the liquid phase and in the solid phase, respectively; Kf and n are the Freundlich coefficients. To determine the adsorption coefficients, linear Langmuir and Freundlich plots were plotted as ce/qe vs. ce and loq qe vs. log ce, respectively.
Results and Discussion

Effect of the pH
In order to select the most suitable pH for sorption, a series of 10 mL of 0.5 mg L -1 Cd and Pb solutions, prepared in the pH range of 2 to 10, were drawn into to the syringe and discharged back; the concentrations of the analytes in the ejected solution were then determined. The results are given in Fig. 4 . As shown from the figure, Pb and Cd were quantitatively (>90%) retained at pH 4. Therefore, all experiments were performed at pH 4.
Effect of the sample and eluent flow rates on the retention and elution
In order to find the effect of the sample contact time with the resin (drawing and discharging rates), a 10-mL portion of a 0.5 mg L -1 Cd and Pb solution was drawn and ejected back at different flow rates. Since the injections were performed manually, the flow rates could not be adjusted precisely. However, it was found that both analytes were quantitatively retained, even at the maximum applicable flow rate. Therefore, the sample solution was drawn and ejected at a flow rate of around 10 mL min -1 , which was the maximum flow rate applied manually. The effect of the flow rate on the elution using 3 mol L -1 HNO3 was tested as well; the same maximum flow rate of 10 mL min -1 was found to be optimum for quantitative elution. The differences at the flow rates of the sample and the eluate did not influenced the recovery.
Influences of the amount of resin
The resin amount also influenced the retention factor. Since it was not expected that the maximum concentrations of Pb and Cd in the samples would exceed 1 mg L -1 , 0.01 g of the resin was safely used in the syringe for optimization tests and all quantifications. Even 0.005 g of the sorbent was sufficient to obtain 95% retention of both elements; but, to be on safe side all experiments were conducted with 0.01 g of the sorbent.
The selection of eluent
The effects of different acids at different concentrations on desorption of lead and cadmium are given in Table 1 . As shown in the table, the elements retained by the sorbent quantitatively desorbed with 3 mol L -1 HNO3. Since the volume of the eluent is an important factor for quantitative recovery and the preconcentration factor, in order to test the required eluent volume, 1 -10 mL of the eluent was passed through the syringe. Above 5 mL of the eluent, quantitative recoveries were obtained. To obtain the maximum enrichment, the minimum volume of the eluent (i.e. 5 mL) was preferred.
Effect of matrix ions
The matrix effect caused by foreign ions on sorption of the analyte elements was investigated. (Table 2) . Different concentrations of different chemical species were investigated for this purpose. As can be seen from the table, the sorbent could be successfully used in many matrices without any effect caused from different elements.
Adsorption capacity of the resin
The relation between the initial concentration of the analytes and the removal percentage from the solution was studied for the sorbent. In order to represent the adsorption equilibrium data, the relationship between the mass of the solute adsorbed per unit mass of the adsorbent, qe, and the solute concentration for the solution at equilibrium, Ce, was calculated by the adsorption isotherms.
The equilibrium data for the analyte adsorption was fitted to linear Langmuir and Freundlich isotherms (Eqs. (1) and (2)) to determine the Langmuir (qm, amount of adsorbate adsorbed per unit mass of the adsorbent to complete monolayer coverage (mg g -1 ) and KL, the energy of adsorption (L mg -1 )) and Freundlich (Kf, the adsorption capacity (mg g -1 ) and n, the intensity of adsorption) constants (Table 3 and Fig. S1 , Supporting Information). 26 Based on the correlation coefficients (r 2 ), the Langmuir model is better than the Freundlich model. According to Table 3 , when the Langmuir model was used to describe the adsorption of cations onto the beads, the Langmuir constants, qm, a measure of the monolayer adsorption capacites, were obtained as 55.86 and 8.95 mg g -1 for Pb 2+ and Cd 2+ , respectively. Another constant denoting the adsorption energy, KL, was found to be 1.92 and 0.195 L mg -1 for Pb 2+ and Cd 2+ respectively (Fig. S1 ).
The performance of syringe As described in the experimental section, 0.01 g of the sorbent was filled in a disposable pipet tip and tightly connected to the nozzle of a 50-mL plastic syringe. In this way, large solution volumes (50 mL for each draw and discharge cycle) were passed through the sorbent effectively. If necessary, different sample portions were drawn and ejected back to increase the enrichment. Another way to increase the enrichment ratio is to reduce the eluent volume. However, in order to obtain the mean of repetitive aspirations of both analytes, at least 5 mL of the eluent volume was appropriate. The flow rate could not be precisely adjusted using a syringe. For the quantitative retention of the analytes, the sample was passed through the sorbent at a flow rate of approximately 10(±2) mL min -1 , which was the maximum flow rate applicable to the syringe. However, since solutions (sample or eluate) were drawn and ejected back by means of the syringe manually, the flow rate could not be adjusted precisely. However, the retention and elution yields were constant and complete in a large range of the flow rate. Retentions were calculated compared to those in matrix-free analytes.
After each procedure, 5 mL of 3 mol L -1 HNO3 was passed through the sorbent one more time, but no analyte was detected in the eluate. Moreover, after each cycle, the sorbent in the syringe was washed several times by passing deionized water until the pH was not acidic. The same syringe tip filled with the sorbent was used at least 50 times. This was important because preparation of the syringe, especially the connection of tip, was time consuming.
Analytical performance
In order to validate this method, the following analytical parameters were calculated: the linear working range of the calibration curve, the limits of detection and quantification. The limit of detection (LOD) and the limit of quantification (LOQ) of the method were calculated according to 3-and 10-times the standard deviation (σ) of 10 blank solutions (pH 4 solution) passed from the syringe, i.e. 3σ/slope of the calibration curve, and 10σ/slope of the calibration curve (N = 10), respectively. According to a 50-fold enrichment, the method LODs calculated for Pb and Cd were 0.0034 and 0.0016 mg L -1 , respectively. The figures of merit are given in Table 4 .
Application of the method to various water samples
After optimization of the experimental parameters, the accuracy of the proposed method was checked by the determination of Pb and Cd in a waste-water CRM. The certified wastewater sample (HPS-CWW-TM-E) contained 0.025 mg L -1 Pb and 0.025 mg L -1 Cd. The obtained results (0.023 ± 0.004 mg L -1 Pb and 0.027 ± 0.004 mg L -1 Cd) are consistent with the certified values, which confirms the accuracy of the method. Finally, the concentrations of Pb and Cd in different water samples were determined by applying the proposed method. Tap and river-water samples were taken from different regions of Istanbul provenience. Both analytes were determined by applying the described procedure and a 50-fold enrichment. The lead and cadmium concentrations in tap-water samples ranged from 0.0049 to 0.0120 mg L -1 and 0.0035 to 0.0073 mg L -1 , respectively, whereas those in river-water samples were found to be between 0.0054 to 0.0110 mg L -1 and 0.0045 to 0.0080 mg L -1 , respectively.
Conclusion
A practical treatment procedure was described for the enrichment/separation of lead and cadmium. Instead of a batch or column technique, a sorbent was filled in a disposable pipet tip that was tightly mounted to a syringe. For this purpose, 3-chloro-2-hydroxypropyl methacrylate-ethylene glycole dimethacrylate copolymer beads were newly synthesized and modified with tris(2-aminoethyl) amine. The sorption and elution were performed by drawing and discharging the sample and eluate, respectively. The procedure was fast, practical and did not occupy much space in the laboratory. 
